Case
A 60-year old man presented with a chief complaint of coughing up blood. He was in his usual state of health until the day of admission when he went breath-hold diving in Monterey Bay, off the coast of northern California. At the time of his dives water temperatures usually average around 55°F. The patient completed five dives, each to a depth of approximately 13 meters (≈40 feet) and each lasting approximately 90 seconds. Hyperventilation preceeded each dive but no other manoeuvres such as glossopharyngeal insufflation ("lung packing") were performed. The patient was unsure about diaphragmatic contractions performed against a closed glottis during immersion. After his 5 th dive, he noted "slight irritation" in his chest which was immediately followed by a series of 5 coughs, over a period of 5 minutes. He expectorated an estimated ½ to 1 tablespoon of blood with each cough; approximately, 4 tablespoons of blood in total. He noted wheezing but did not feel short of breath.
The past medical history was significant for T2N3M0 stage IIIc invasive ductal carcinoma of the left breast for which he had undergone a left modified radical mastectomy and axillary lymph node dissection 10 months prior to presentation. He had been treated with adjuvant chemotherapy including doxorubicin, cyclophosphamide and paclitaxel followed by adjuvant radiation therapy 6 months prior to presentation which had been administered in 1.8
Gray (Gy) fractions with 45 Gy to the left chest and 50.4 Gy to the supraclavicular region. The past medical history was otherwise unremarkable. He had a remote history of cigarette smoking. refrain from further breath-hold diving and immersion due to a presumptive increased risk of recurrent pulmonary hemorrhage.
Discussion
Breath-hold diving, also known as free diving (i.e., diving under without an external supply of oxygen), as well as swimming and immersion by itself can all result in lung injury, including pulmonary edema and alveolar hemorrhage. 1 Several factors contribute to lung injury during breath-hold diving.
With progressively deeper descent underwater, ambient pressure rises and gas in the lung is compressed resulting in decreased lung volume based on Boyle's law. When the total lung capacity (TLC) is reduced to residual volume (RV), intrathoracic pressure is equal to hydrostatic pressure and lung volume cannot decrease further because of the rigidity of the thorax. 2 As the chest wall approaches its elastic limit, a high negative transthoracic pressure develops, resulting in increased blood return to the thorax and an increase in pulmonary transcapillary wall pressure.
Eventually, redistribution of blood to the chest may cause "stress failure" of the pulmonary capillaries resulting in leakage of fluid and blood into the airspaces. 3 In our case given the relatively shallow diving depth of only 13 metres pulmonary barotrauma of descent or "lung squeeze" seems less likely. However, other mechanisms during breath-hold diving and immersion or swimming may contribute to the pooling of blood in the lung and in turn, capillary injury and leak. Exposure to ambient cool temperatures causes vasoconstriction with increases in preload and afterload contributing to pulmonary edema with hemoptysis. 4 Exercise induced pulmonary hypertension has been proposed as another possible factor contributing to capillary stress failure during exertion. 5 Diaphragmatic movement against a closed glottis during diving causes a negative intra-alveolar pressure and can further exacerbate the bulging of pulmonary capillaries resulting in a increase in transcapillary pressure gradient that can lead to capillary rupture. 6 We speculate pre-existing focal lung damage from radiation therapy three months prior placed this patient at increased risk for capillary stress failure and alveolar hemorrhage. This is suggested by the finding of ground glass opacification present on the initial chest CT scan, consistent with alveolar hemorrhage, which was localized to a region of the lung that had been in the prior radiation field. The ground glass opacifications resolved spontaneously while the underlying focal fibrotic changes persisted. Chemotherapy with cyclophsophamide and doxorubicin may have increased the susceptibility towards radiation induced lung injury. 7 The initially observed groundglass changes could have represented subacute radiation induced lung injury. 8 However, the temporal relationship between the breath-hold dive and the occurrence of symptoms which did not recur with cessation of diving and swimming practice as well as the resolution of groundglass opacifications over the next months implicate cold water immersion and breath-hold diving as the major inciting factors in this clinical scenario rather than subactue radiation induced lung injury alone.
Pulmonary hemorrhage resulting from decreased elasticity and resistance of the respiratory membrane has also been described in conditions such as Goodpasture's syndrome. 9 In sum, this case highlights the risk of pulmonary edema in breath-hold diving and swimming and suggests special caution is warranted among divers who have a history of radiation therapy involving the thorax. 
Conclusion
Breath-hold diving is associated with increased risk of pulmonary edema and hemorrhage in healthy divers due to capillary stress failure. Several mechanisms contribute to redistribution of blood to the pulmonary vasculature and "stress failure" of the pulmonary capillaries due to cold ambient temperature and exertion. Given sufficient diving depth pulmonary barotrauma of descent can also occur. Taken together, these mechanisms result in increased transcapillary pressure gradient and can lead to "stress failure" of the pulmonary capillaries. The transcapillary pressure gradient can be further increased by diaphragmatic movement against a closed glottis resulting in negative intraalveolar pressure.
Divers with a history of radiation therapy to the thorax should be cautioned about possible increased risk of focal pulmonary hemorrhage resulting from breath-hold diving, immersion or swimming. Pre-existing focal lung disease and a less resilient respiratory membrane may place these patients at a higher risk of diving-or swimming induced lung injury, pulmonary hemorrhage, and hemoptysis. 
